The effects of finite ion Larmor radius (FLR), collisions and Hall currents on thermosolutal instability of a partially ionized plasma in porous medium in the presence of uniform vertical magnetic field are investigated. It is found that the presence of each magnetic field, FLR, Hall currents and collisions, introduces oscillatory modes which were, otherwise, non-existent. In the case of stationary convection, finite Larmor radius, Hall currents, medium permeability and magnetic field may have stabilizing or destabilizing effects, but for a certain wave number range, FLR, magnetic field and Hall currents have a complete stabilizing effect. The stable solute gradient always has stabilizing effect on the system whereas the collisional effects disappear for the case of stationary convection.
Introduction
The theoretical and experimental results on thermal convection in a fluid layer under varying assumptions of hydrodynamics and hydromagnetics have been dis cussed in a treatise by Chandrasekhar [1] . The stabiliz ing influence of finite Larmor radius (FLR) effects on thermal instability, thermosolutal instability, gravita tional instability and Rayleigh-Taylor instability has individually been shown by several authors [2] [3] [4] [5] [6] .
The thermohaline convection in a horizontal layer of a viscous fluid heated from below and salted from above has been considered by Nield [7] . In the thermo haline convection, buoyancy forces can arise not only from density differences due to variations in tempera ture but also from those due to variations in salt con centration. The problem of the onset of thermal insta bility in the presence of a solute gradient is of great importance because of its applications to atmospheric physics and astrophysics, especially in the case of the ionosphere and the outer layers of the solar atmo sphere (Spiegel [8] ). The Hall currents are likely to be important in these regions. Sharma and Rani [9] have considered the effect of Hall currents on the thermoso lutal instability of a plasma.
A partially-ionized plasma represents a state which often exists in the universe, and there are several situReprint requests to K. Prakash, Department of Mathemat ics, D.C.C., Himachal Pradesh University, Summer Hill, Shimla-171005 India.
ations when the interaction between ionized and neu tral gas components becomes important in cosmic physics. Strömgren [10] has reported that ionized hy drogen is limited to certain rather sharply bounded regions in space surrounding, for example O-type stars and clusters of such stars, and that the gas out side these regions is specially non-ionized. Piddington [11] and Lehnert [12] have found that both ion viscos ity and neutral gas friction have a stabilizing influence on cosmical plasma interacting with neutral gas.
In recent years, there has been a considerable inter est in the study of the breakdown of the stability of a layer of fluid subject to a vertical temperature gradient in a porous medium and the possibility of convective flow. The physical properties of comets, meteorites and interplanetary dust strongly suggest the impor tance of porosity in astrophysical context (McDonnel [13] ). The stability of flow of a single component fluid through a porous medium taking into account the Darcy resistance has been studied by Lapwood [14] and Wooding [15] .
Seeing the importance of Hall currents, finite ion Larmor radius, partially-ionized plasma and medium porosity in astrophysical situations like stellar interi ors and atmospheres in geophysical situations like the Earth's molten core, in flows of laboratory plasma and in the stellar atmosphere where helium acts like a salt in raising the density and in diffusing more slowly than heat, in the present paper we discuss the thermo solutal instability of a partially-ionized plasma in po-0932-0784 / 94 / 0300-0469 S 01.30/0. -Please order a reprint rather than making your own copy. rous medium in the presence of a uniform vertical magnetic field to include simultaneously the effects of collisions, FLR and Hall currents.
Perturbation Equations and Dispersion Relation
Consider an incompressible, viscous, infinite, hori zontal, composite plasma layer of depth d, consisting of an infinitely electrical conducting ionized compo nent of density g, a neutral component of density gd and bounded by the planes z = 0 and z = d in an isotropic and homogeneous medium of porosity e and permeability kv This layer is heated and soluted from below such that a uniform temperature gradient d T 1 and a uniform solute concentration gradz
are maintained, where T and C de note the temperature and solute concentration, re spectively. The system is acted on by a uniform ver tical magnetic field H (0,0, H) and gravity force g (0, 0, -g). Let p, a, a', rj, N, e, vc and P denote, respectively, the pressure, thermal coefficient of ex pansion, an analogous solvent coefficient of expan sion, resistivity, electron number density, charge of an electron, mutual collisional frequency between the two components of the composite medium, and stress tensor taking into account the FLR effect. The magnetic permeability ne, the kinematic viscosity v I = -), the thermal diffusivity x, and the solute dif-
Q C where c' denotes the speed of light, E = e + (1 -e) 1 Qo Ci is a constant, and E' is a constant analogous to E but corresponding to solute rather than heat. gs, cs; g0, c ; denote the density and heat capacity of the solid ma trix and ionized component, respectively.
The change in density 5g, caused by the perturba tion d and y in temperature and concentration, is given by 00 = -g0 (ccd-ot'y).
(7)
For the magnetic field along z-axis, the stress tensor P, taking into account the finite ion-gyration radius (Vandakurov [16] ), has the components
fusivity y! are all assumed to be constant. We assume that both the ionized component and the neutral com ponent behave like a continuum plasma and that the effects on the neutral component resulting from the presence of magnetic field, porosity, and the fields of gravity and pressure are neglected.
Let 5p, 6g, 9, y, h (hx,hy,hz),q (u,v, w), and qd (/, r, s) denote, respectively, the perturbations in pressure p, density g, temperature T, solute concentration C, magnetic field H, ionized component velocity (initially zero), and neutral component velocity (initially zero). gd is assumed to be constant everywhere. Then the linearized hydromagnetic perturbation equations of the composite medium are Analyzing the disturbances of normal modes, we assume that the perturbation quantities are of the form
x exp [i kx x + i ky y + n r], (9) where kx and ky are the wave numbers along the xand y-directions, respectively. k = (kl + k2)112 is the re sultant wave number and n is the growth rate of dis turbance. t, = i k x v -ik y u and i^ = i k x hy -i ky hx de note, respectively, the z-components of vorticity and current density.
Using (7), (8) and expression (9), (l)-(6) in nondimensional form become
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where we have put for simplicity) and letting a = kd,
We consider the case in which both boundaries are free, the most appropriate case for a stellar atmo sphere (Spiegel [17] ), and the adjoining medium is elec trically non-conducting. The appropriate boundary conditions for this case, by use of (9), are and h is continuous.
Since the components of the magnetic field are con tinuous, and tagential components are zero outside the plasma, we get
on the boundaries. Eliminating 0, r, K, Z and X in (10)- (15) and us ing the proper solution W = W 0 sin nz, W0 being con stant, we obtain the following dispersion relation:
x{(l+x + ip2<r1)2 + M(l+x)} + Q1 (1 + x )(1+x + iEpt <rx)
«o vc x\{2ia\ i+^^j +p r +x+ip2a')+Q' a1 a Vq £ x = -j , 1(7, = -, P = n2 P" U = -j- is a non-dimensional number which implies that the stable solute gradient has stabi lizing effect on the system.
K 4nNerj/ accounting for Hall currents.
The Stationary Convection
When the instability sets in as stationary convec tion, the marginal state will be characterized by a = 0.
which is positive if x > 2 . Thus the FLR stabilizes the system for the wave number range x > 2. In the absence of Hall currents the FLR always has a stabilizing effect on the thermosolutal instability. Also (19) yields (22) In this case (18) reduces to 1 
Equation (19) expresses R, as a function of the dimensionless wave number x and the parameters S,, Q ,, U, M, and P. To study the effects of stable solute gradient, finite Larmor radius, Hall currents, magnetic field and medium permeability, we examine
The Hall currents, therefore, may have stabilizing or destabilizing effect but have a stabilizing effect for the wave number range (23). In the absence of FLR effects, the Hall currents have a destabilizing effect on the thermosolutal instability of a partially-ionized plasma in porous medium. Again dR, n +x Y . p F (1+* + M )+ e?+ (
where o* is the complex conjugate of a and 473
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If x>2 and /-(x -2)< -, 
the medium permeability always has a destabilizing effect on the system. Also we notice from (19) that there is no collisional term. So collisional effects disappear in the case of stationary convection.
The Oscillatory Models
Here we examine the possibility of oscillatory modes, if any, on the stability problem due to the presence of magnetic field, finite Larmor radius and Hall currents. Multiplying (10) by W*, the complex conjugate of W, integrating over the range of z and making use of (11)- (15) together with boundary con ditions (16) and (17) Hi + «0 V c V 1 Thus o0 = 0, which means the modes are non-oscillatory and the principle of exchange of stabilities is satisfied. The presence of each: magnetic field, finite Larmor radius, collisions and Hall currents, intro duces oscillatory modes which were, otherwise, non existent.
